ABSTRACT. During a year from 1999 to 2000, a total of 247 blood samples were collected from 214 cattle and 33 water buffaloes in 16 distinct geographical locations of Thailand and analyzed by allele-specific PCR amplification of major piroplasm surface protein (MPSP) genes of benign Theileria parasites. Four allelic MPSP gene types were determined namely C-type, I-type, B-type and Thai-type, which were originally designated from Japanese Theileria orientalis (Chitose, Ikeda), Australian T. buffeli (Warwick) and Thai T. sp. (Kamphaeng Saen), respectively. Only two allelic MPSP gene types were successively amplified from 204 (82.6%) blood samples. Among positive cases, 138 (67.6%) and 17 (8.3%) samples contained either Thai-type or C-type parasites, respectively, while 49 (24%) s amples contained both types. However, nucleotide sequences of MPSP genes of Thai T. sp. amplified by C-type specific primers revealed higher (96.3%) similarity to Indonesian T. sp. rather than (87.8% similarity) to Japanese T. orientalis (Chitose) designated as C-type. KEY WORDS: benign Theileria, Thailand.
Benign Theileria species of cattle are distributed all over the world [1, 2, 5, 7, 11, 18, 20] . Theileria orientalis is a benign Theileria species which had been referred to as "T. sergenti" or "T. buffeli", but Kawazu et al. [9] proposed that T. orientalis is the valid name for this species. The major piroplasm surface protein (MPSP) is a conserved protein which is abundantly expressed in the intraerythrocytic stage of all Theileria species, including T. orientalis, T. mutans, T. annulata and T. parva. The molecular weight of MPSP ranges from 30 to 40 kDa [8, 19] . Recently, the nucleotide sequences of MPSP genes were used in epidemiological and phylogenetic research [4, 5, 9, 12, 13, 17] . The populations of benign Theileria parasites differentiated by using allelic MPSP gene types are listed in Table 1 . The field isolates of these parasites were collected from Asian countries and others to characterize parasite populations. The I-type parasites were commonly found in Japan [14] , and Korea [6, 11, 13] but not in Taiwan [21] , Vietnam, Cambodia [5] , Australia [12] , and Italy [18] . The C-type parasites were distributed in Japan, Korea, China, Taiwan, Australia, Italy and Cambodia [5] , whereas the B-type and C-type parasites were commonly found as mixed populations in cattle [16] . The Thaitype parasite was first reported in Thailand [7] and recently in Cambodia and Vietnam [5] .
In Thailand, different species or variants of Theileria parasites were found and designated as Thai-type, C-type and B-type [7, 17] . However, the distribution of benign Theileria parasites in this country has not been fully studied. In the present study, the samples were collected for one year from November 1999 to October 2000. A total of 247 blood samples were collected from 150 dairy and 64 beef cattle at 14 distinct geographical locations and from 33 water buffaloes at 2 locations in the north-eastern part of Thailand (Fig.  1.) . The 150 blood samples were obtained from 23 Holstein calves (<1 year of age) and 127 Holstein cows in 8 dairy commercial farms. Most of the blood samples from dairy cattle were collected from healthy animals except in 2 farms where trypanosomiasis caused by T. evansi broke out at the time of blood collection. The 64 blood samples were collected from beef cattle which showed no clinical signs in 6 small holder farms. The other 33 blood samples were collected from water buffaloes during an outbreak of Trypanosomiasis caused by T. evansi. Thin blood smears were prepared immediately after blood collection to detect haemoparasites by light microscopic examination of Giemsastained blood smears. The overall prevalence of Theileria infection was 27.5% among 214 cattle and 0% among 33 water buffaloes, with parasitemia ranging from 0.001 to 0.2%. DNA samples used for PCR amplification were extracted from the whole blood samples immediately after the blood smear preparation by the commercial DNA extraction kit (BIO-RAD; cat. No. 732-6211) according to the manufacturer's instruction. Briefly, 50 µl of blood was mixed with 1 ml lysis buffer, then incubated for 8 min at 15-30°C, and centrifuged at 10,000 rpm and the suppernatant discarded. The sediment was washed twice with lysis buffer and the supernatant was removed. The sediment was added to 0.2 ml InstaGene Matrix and the resultant mixture was incubated for 8 min at 70°C,vortexed for 10 sec and incubated again at 95-100°C for 4 min, followed by vortexing and centrifuging for 1 min each. The sample was stored at -20°C until use. One to two µl of the supernatant was used for the PCR in a 10 µl reaction mixture.
The PCR primer sets used in this study are listed in Table   2 . The first set comprising Ts-U and Ts-R was used to amplify the gene encoding MPSP of benign Theileria parasites [13] . A combination of Ts-U and Thai-3'-510 primers was used for the detection of Thai-type parasites [7] that could not be amplified by Ts-U and Ts-R primers. The other three sets of primers were used in allele-specific PCR to differentiate parasite populations within the benign Theileria parasites. PCR amplification was performed in a 10 µl reaction mixture containing 20 ng of DNA template, 10 mM Tris-HCL (pH 9.0), 50 mM MgCl 2 , 150 µM each of the four dNTPs, 0.5 µM each of the primers and 2.5 units of Taq DNA polymerase (TaKaRa R ). PCR was carried out in an automated DNA thermal cycler (Gene Amp R , PCR system 9700; PE Appplied Biosystems) for 35 cycles. Each cycle consisted of denaturing for 1 min at 94°C, annealing for 1 min at 57°C and extension for 1 min at 72°C, with an additional 4 min at 72°C at the last cycle. PCR products were subjected to electrophoresis on 1.2% agarose gels, and stained with ethidium bromide. Sequencing reactions were carried out using the Taq DyeDeoxy TM Cycle Sequencing Sytem (Applied Biosystems, CA, U.S.A.) and primers used for PCR amplifications. Samples were analyzed by automated DNA sequencer (ABIPRISM TM , 310 Genetic Analyzer; PERKIN ELMER).
The MPSP genes were successively amplified from 204 (82.6%) out of 247 blood samples by using allele-specific PCR. The other 43 blood samples were negative for Theileria parasites by both microscopic examination and PCR. The results indicated that the prevalence of Theileria infection in cattle and buffaloes was higher (82.6%) by allelespecific PCR detection than by microscopic examination (27.5%) of Giemsa stained blood smears. The parasite types detected are shown in Table 3 . The data showed that cattle and buffaloes were infected with either or both Thai-type and C-type parasites. The Thai-type parasites are domi- Primer sets Specificity Ts-U and Ts-R for PCR amplification of MPSP genes [13] except Thai-type Ts-I and Ts-R for allele-specific PCR amplification of T. orientalis (Ikeda) defined as I-type [10] Ts-C and Ts-R for allele-specific PCR amplification of T. orientalis (Chitose) defined as C-type [15] Ts-B and Ts-R for allele-specific PCR amplification of T. buffeli (Warwick) defined as B-type [14] Ts-U and Thai-3'-510 for allele-specific PCR amplification of T. sp.
(Kamphaeng Saen) defined as Thai-type [7] nantly distributed in Thailand, whereas I-type and B-type parasites could not be detected in this survey. In order to confirm whether C-type parasites from Thai and Japanese isolates could be classified as the same MPSP type, the nucleotide sequence of MPSP gene of Thai C-type obtained from a Theileria infected beef cattle in Narathiwat province was determined. The similarity between Thai and Japanese C-type of T. orientalis (Chitose) [15] was comparatively low (87.8% at nucleotide level). However, the nucleotide sequences of MPSP genes amplified by C-type specific primers revealed higher (96.3%) similarity to Indonesian T. sp. (Java) [3] rather than Japanese T. orientalis (Chitose) designated as C-type. Therefore, Thai C-type parasite is not likely to be the same as the Japanese C-type parasite although both types can be amplified by the same primer set. The comparison of nucleotide and amino acid sequences of MPSP gene from bovine benign Theileria parasites isolated from Thailand, Indonesia and Japan is summarized in Table 4 .
On the other hand, it was confirmed by sequence analysis that Thai-type parasites derived from both cattle and water buffaloes were closely related (>95% similarity at nucleotide level) to T. sp. (Kamphaeng Saen) [7] which was originally defined as Thai-type. Interestingly, nucleotide sequence of MPSP genes of Thai-type parasite from Thai water buffaloes were not closely related (<75% similarity) to Theileria parasite from infected water buffaloes in Vietnam [9] (data not shown).
The present study showed that Theileria parasites harboring either type of two allelic MPSP genes are widely distributed in Thailand. Further studies on the morphological features, vector species and pathogenicity of each type are necessary to understand taxonomic positions of these parasites. 
